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Abstract

Background: Higher density of stromal tumor-infiltrating lymphocytes (sTILs) at baseline has been associated with
increased rates of pathological complete response (pCR) after neoadjuvant chemotherapy (NACT) in triple-negative
breast cancer (TNBC). While evidence supports favorable association of pCR with survival in TNBC, an independent
impact of sTILs (after adjustment for pCR) on survival is not yet established. Moreover, the impact of sTIL dynamics
during NACT on pCR and survival in TNBC is unknown.

Methods: The randomized WSG-ADAPT TN phase Il trial compared efficacy of 12-week nab-paclitaxel with gemcit-
abine versus carboplatin. This preplanned translational analysis assessed impacts of sTIL measurements at baseline
(sTIL-0) and after 3 weeks of chemotherapy (sTIL-3) on pCR and invasive disease-free survival (iDFS). Predictive perfor-
mance of sTIL-0 and sTIL-3 for pCR was quantified by ROC analysis and logistic regression; Kaplan—Meier estimation
and Cox regression (with mediation analysis) were used to determine their impact on iDFS.

Results: For prediction of pCR, the AUC statistics for sTIL-0 and sTIL-3 were 0.60 and 0.63, respectively, in all

patients; AUC for sTIL-3 was higher in NP/G. The positive predictive value (PPV) of “lymphocyte-predominant” status
(sTIL-0 > 60%) at baseline was 59.3%, though only 13.0% of patients had this status. To predict non-pCR, the cut point
sTIL-0 < 10% yielded PPV =69.5% while addressing 33.8% of patients.

Higher sTIL levels (particularly at 3 weeks) were independently and favorably associated with better iDFS, even after
adjusting for pCR. For example, the adjusted hazard ratio for 3-week sTILs > 60% (vs. <60%) was 0.48 [0.23-0.99]. Low
cellularity in 3-week biopsies was the strongest individual predictor for pCR (in both therapy arms), but not for iDFS.

Conclusion: The independent impact of sTILs on iDFS suggests that favorable immune response can influence key
tumor biological processes for long-term survival. The results suggest that the reliability of pCR following neoadju-
vant therapy as a surrogate for survival could vary among subgroups in TNBC defined by immune response or other
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tion concepts).

biopsy

factors. Dynamic measurements of sTILs under NACT could support immune response-guided patient selection for
individualized therapy approaches for both very low levels (more effective therapies) and very high levels (de-escala-

Trial registration: Clinical trials No: NCT01815242, retrospectively registered January 25, 2013.
Keywords: Triple-negative breast cancer, sTils, Neoadjuvant chemotherapy, Pathologic complete response, 3-Week

Background
Triple-negative breast cancer (TNBC) is defined by both
absence of hormone receptor expression (i.e., estro-
gen receptor (ER) and progesterone receptor (PR)) and
lack of overexpression/amplification of HER2/neu. It
accounts for about 10 to 15% of cases [1]. Patients with
early TNBC generally suffer from an unfavorable prog-
nosis, particularly when they are diagnosed at young age
[2]. However, among cases with response to neoadjuvant
chemotherapy, prognosis may be more favorable [3, 4].

Chemotherapy is frequently administered in the neo-
adjuvant (preoperative) setting among patients with
high-risk, early-stage breast cancer, including TNBC.
Pathological complete response (pCR) is commonly
defined by the absence of invasive tumor cells in the
breast and axilla after neoadjuvant chemotherapy and
represents optimal response to the regimen applied. It
has been demonstrated among patients with high-risk,
early breast cancer such as TNBC that pCR constitutes
an early surrogate survival marker [5]. For this reason, tri-
als testing efficacy of novel agents [6] are often designed
with pCR as an endpoint. From a clinical perspective,
however, identification and validation of even earlier bio-
markers would provide substantial benefit, particularly in
the context of window-of-opportunity study concepts [7].

The randomized prospective WSG-ADAPT TN phase
IT trial was designed to compare efficacy of carboplatin
versus gemcitabine (each in combination with a nab-
paclitaxel backbone) as a 12-week anthracycline-free
chemotherapy regimen. pCR rates were higher in the car-
boplatin arm (45.9% vs. 28.7%, p=.002, OR=2.11 [1.33-
3.35]). The trial also required patients to undergo tumor
biopsy after 3 weeks of therapy, which was subjected to
translational analysis with the goal of identifying early
biomarkers for response. For instance, one such surro-
gate biomarker for “early therapy response” consisted in
a Ki-67 decrease>30% or<500 invasive tumor cells in
the three-week serial biopsy (i.e., proliferation decrease
after the first therapy cycle or early necrotic morpho-
logical changes, respectively). pCR rates were higher in
“responders” than in “non-responders” (44.4% vs. 19.5%
p<.001) [8].

Stromal tumor-infiltrating lymphocytes (sTILs) are
associated with a patient’s immune response and offer

a potentially favorable biological characteristic. Indeed,
presence of sTILs is associated with increased pCR rates
after neoadjuvant chemotherapy among all breast can-
cer subtypes [9]. According to pooled analysis of Den-
kert et al., a pCR advantage of higher TILs was evident
among all subtypes including HR-positive breast can-
cer, but favorable survival impact was confirmed only in
HER2-positive and TN breast cancer subtypes [10]. Most
[11] but not all studies [12] reveal better prognosis for
TNBC patients with high compared to low sTIL levels. In
breast cancer, previous studies have identified a subtype
referred to as lymphocyte-predominant breast cancer
with a particularly high infiltrate at baseline > 60% [10].

In the neoadjuvant context, favorable immune
response could influence survival not only “indirectly” by
more effectively obliterating residual primary tumor (i.e.,
mediation by pCR), but also “directly” via the subsequent
long-term impact of immune processes. The data of this
trial can provide evidence supporting either or both of
these mechanisms, as we shall shortly see.

There is a limited body of evidence regarding the
value of dynamic sTIL measurement during neoadju-
vant chemotherapy. For instance, Luen et al. evaluated
375 samples retrieved from patients with TNBC who
presented with residual disease (RD) following neoadju-
vant chemotherapy. The authors observed a moderately
strong positive correlation (p=.41) between sTIL levels
in RD and density of T cell infiltrates. Furthermore, low
sTIL levels were significantly associated with increased
tumor size and more advanced nodal stage after neoad-
juvant chemotherapy as well as inferior recurrence-free
and overall survival [13]. A potential association was
reported between sTIL measurements after 3 weeks of
HER2-directed therapy and pCR in patients with early
HER2-positive breast cancer [14]. However, the role of
short-term (i.e., 3-week) sTIL dynamics during (specific)
chemotherapy regimens among patients with TNBC
remains uncertain.

The aims of the present translational analysis were (i)
to quantify the dynamics of sTIL levels under neoadju-
vant therapy in TNBC and their associations with clini-
cal/pathological variables; (ii) to analyze the impact of
TIL levels at baseline (sTIL-0) and at 3 weeks (STIL-3)
as well as of their dynamics on pCR; and (iii) to quantify
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the corresponding impacts on invasive disease-free sur-
vival (iDFS), taking into account pCR as an independ-
ent predictor of favorable survival and as a potential
“mediator” for the impact of TILs.

Methods

Design of WSG-ADAPTTN

Design of the trial was described previously [8] (CON-
SORT: Additional file 1: Fig. S1). Patients with centrally
confirmed early TNBC were eligible as follows: ER/PR
expression < 1%; HER2 expression 0—1 or negative fluo-
rescence in situ hybridization ratio <2.0 if 2 + expres-
sion by immunohistochemistry; stages cTlc—cT4c,
cNO/+. Inclusion criteria also specified: age > 18 years
old, performance status of 0 or 1 and adequate organ
function qualifying patients for chemotherapy. Enrolled
patients were randomly assigned to one of the neoadju-
vant trial arms in a 1:1 ratio:

« NP/G: nab-paclitaxel 125 mg/m?/gemcitabine
1000 mg/m? d1,8,15 (q3w); versus

« NP/C: nab-paclitaxel 125 mg/m?/carboplatin AUC2
day 1,8 q3w.

Primary endpoint was pCR, defined as no invasive
tumor in the breast and lymph nodes [15]. All cases
of pCR and the majority of cases with non-pCR were
assessed by surgery; however, in 30 patients non-pCR
status was confirmed by core biopsy only (arms A/B: 15
(12%)/15 (19%)). Among those cases, further EC chem-
otherapy was given before surgery and four additional
cases of pCR were reported.

The trial was powered for a pCR comparison by therapy
arm and early response (defined as Ki-67 decrease >30%
or <500 invasive tumor cells in the 3-week serial biopsy).
A total of 336 patients were enrolled.

In patients without pCR at the time of planned sur-
gery, additional anthracycline-containing chemotherapy
(4 cycles epirubicin/cyclophosphamide) was mandatory;
administration of this anthracycline-containing therapy
as additional neoadjuvant chemotherapy (NACT) (after
mandatory verification of the non-pCR status by core
biopsy) or as additional adjuvant therapy was at investi-
gator’s discretion. In patients with pCR, omission of addi-
tional chemotherapy (beyond the 12-week neoadjuvant
study therapy) was permitted. Invasive disease-free sur-
vival (iDFS) was defined as survival without any invasive
breast cancer relapse, second malignancy or death. The
WSG-ADAPT TN trial was approved by the responsible
ethics committees, federal authorities, and institutional
review boards; it is registered with ClinicalTrials.gov

Page 3 of 13

(NCT01815242). All patients signed written informed
consent.

sTIL analysis

As part of a translational protocol, core-cut biopsies were
obtained at baseline (as part of routine diagnostic work-
up) as well as after 3 weeks of chemotherapy. In accord-
ance with international guidelines, analysis was confined
to quantification of stromal TILs (sTILs). Formalin-fixed
and paraffin-embedded tissue was cut at 4-5 pm thick-
ness and transferred to slides. Staining was performed
using hematoxylin—eosin staining. Slides were digital-
ized using the Aperio ImageScope 12.0 software (Leica,
Germany, version 12.3.0.5056) and analyzed both quali-
tatively and quantitatively at 20—-40 x amplification. sTIL
infiltrates in tumor-surrounding normal breast tissue
as well as in DCIS were excluded, as were necrotic or
fibrotic areas, areas of florid granulocytic inflammation
and extensive regressive hyalinization, and areas of cell-
free sclerosis. As previously recommended [13], sTIL
counts were quantified as a percentage in relation to sur-
rounding tumor tissue; levels >30% were (in all but one
case) rounded to the nearest 10% (e.g., 30%, 40%, etc.),
otherwise to the nearest 5% (e.g., 0%, 5%, etc.). Slides
with <500 cells available for analysis (generally due to
tumor necrosis, lack of invasive tumor cells) were classi-
fied as “low cellularity”

Statistical analysis

This preplanned translational analysis focuses on the
impact of sTILs among tumor samples at baseline (STIL-
0) and after 3 weeks of chemotherapy (sTIL-3) on pCR
and iDFS in the ADAPT TN trial. ROC analysis was per-
formed for both sTIL-0 and sTIL-3 to assess their over-
all predictive performance for pCR in terms of the AUC
statistic and to evaluate the dependence of positive pre-
dictive value (PPV), sensitivity, and specificity on both
STIL-0 and sTIL-3 cutoffs. The analysis also provides the
percentage above versus below each successive cutoff
value.

Based on prior evidence from ring studies [16], the par-
ticular cutoff 60% was used to define a binary baseline
sTIL status variable by coding “TIL+” for sTIL-0>60%
versus “TIL—" for sTIL-0<60%. For reasons explained in
detail below, sTIL-3 data were coded in a nominal com-
posite variable taking three possible (non-missing) values:
3WTIL+ (sTIL-3 > 60%), 3SWTIL— (sTIL-3 <60%) and 3wLC
(low cellularity after three weeks). The six combinations of
values of these two variables (e.g., TIL+4to 3wTIL—) were
also coded as a nominal variable to define the combina-
torically possible dynamic transitions. Differences of odds
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ratios (by treatment) were tested using normal approxi-
mations to the log-odds.

The Kaplan—Meier method was initially used to quan-
tify the association of these markers with iDFS in all
patients and in subgroups defined by pCR versus non-
pCR; three-year iDFS (abbreviated 3y-iDES), with 95%
confidence intervals, was estimated for each subgroup.
Subgroup comparisons were carried out using log-rank
statistics; pairwise comparisons were computed in case
of more than two subgroups.

In order to assess potential impacts of these markers
on iDFS, it is highly informative to quantify the poten-
tial role of pCR as a statistical mediator for the impact
of immune response on iDFS. To this end, adapting the
classical methodology of Baron and Kenny [17] the odds
ratios (OR) of the coded sTIL variables for pCR were
first estimated by binary logistic regression. Next, for
continuous coding and for each category of each sTIL
variable (e.g., TIL+vs. TIL—), a univariable and a mul-
tivariable Cox model for iDFS were estimated to com-
pute corresponding unadjusted and adjusted (for pCR)
hazard ratios, respectively. Tests of interaction between
the sTIL variables and pCR were carried out to assess
potential mediation (or lack thereof), i.e., the degree to
which sTILs represent independent survival predictors—
beyond their influence through pCR.

Differences of means between independent groups
were tested by T-statistics. Pearson correlations (denoted
r) were also assessed. Associations among categorical
variables were assessed by chi-squared statistics or Fish-
er’s exact test. Quantities in square brackets indicate 95%
confidence intervals throughout the results.

Results

Association of baseline sTILs with clinical/pathological
parameters

Baseline sTIL (sTIL-0) measurements were available in
323 (96.1%) patients (mean 29.5%, SD 24.4%, median

Table 1 Associations of population with available sTIL-0 values
(n=323) with clinical/pathological characteristics

Characteristic Category n Mean sTIL-0 (%) p value

Age at diagnosis* <50yrs 162 300 68
>50yrs 161 289

Tumor stage pT1 121 26.5 10
pr2-4 202 229

Nodal status Negative 238 279 049
Positive 85 339

Central grade G2 20 17.3 021
G3 302 303

*Median patient age at diagnosis was 50.5 yrs. (minimum 26 yrs., maximum 76
yrs.)
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20%). Associations between sTIL-0 measurements and
clinical/pathological categories are summarized in
Table 1. Node-positive status and central grade 3 were
associated with higher sTIL-0 levels, while age and tumor
size showed no significant association.

Discrete coding of baseline and 3-weeek sTILs

As explained above, considering prior evidence, sTIL-0
was also coded as binary variable “baseline sTIL status”
“TIL+” (sTIL-0> 60%, known as “lymphocyte -predomi-
nant breast cancer”) versus “TIL—" (sTIL-0<60%). The
same cutoff was used for sTIL-3, but a coding scheme for
an attribution of missingness was required: Among the
110 samples with missing sTIL-3 measurements, 63 cases
(57.3%) were attributable to “low cellularity” For clini-
cal interpretation, it is important to distinguish between
missing sTIL-3 due to low-cellularity status and missing-
ness for other reasons: Low cellularity is characterized by
tumor necrosis and consequent lack of invasive tumor
cells and is thought to result from extensive response to
neoadjuvant therapy after 3 weeks. Since low-cellular-
ity status represents a biological feature of response to
therapy, it is likely to be informative for pCR and sur-
vival, whereas missingness for other reasons is presum-
ably unrelated to therapy and less likely to be informative
for pCR and survival. Therefore, a 3-week sTIL status
variable was defined with three categories: In addition to
the categories “3wTIL+” (TIL-3>60%) and “3wTIL—"
(TIL-3<60%), a third category “3wLC” was coded for
“low cellularity” in the 3-week biopsy. With this coding,
n =286 patients were available for analysis.

Dynamics of sTILs under NACT

sTIL measurements at 3 weeks (sTIL-3) were available in
226 (67.3%) patients (mean 38.4, SD 27.9%, median 30%).
Paired sTIL-0 and sTIL-3 measurements were avail-
able in all 226 of these patients. The estimated Pearson

Table 2 Dynamics of sTILs from baseline to 3 weeks by arm

(n=282)
Dynamics 3wTIL— 3wTIL+ 3wlLC

n (%) n (%) n (%)
NP/G
TIL— 70 (53.4%) 36 (27.5%) 25 (19.1%)
TIL+ 7 (25.0%) 19 (67.9%) 2(7.1%)
NP/C
TIL— 69 (69.7%) 10 (10.1%) 20 (20.2%)
TIL+ 3(12.5%) 12 (50.0%) 9(37.5%)
All patients
TIL— 139 (60.4%) 46 (20.0%) 45 (19.6%)
TIL+ 10 (19.2%) 31 (59.6%) 11(21.2%)
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correlation between sTIL-3 and sTIL-0 in paired meas-
urements was r=0.655 [0.572-0.723] (p<.001). The
mean increase was 9.20% [6.32—-12.09%] (p<.001, paired
t-test).

Table 2 summarizes the transitions in the sTIL status
variables from baseline to week 3 (including low cellu-
larity) under NACT according to trial arm. In the trial
as a whole, lymphocyte-predominant status (TIL+vs.
TIL—) at baseline was not predictive for low cellularity
at 3 weeks: The percentages were 19.6% (TIL+) versus
21.2 (TIL-) (p=.79), suggesting that the estimated mean
increase in sTIL levels on therapy (see above) could be
relatively unbiased, despite the substantial proportion of
missing values. The percentage of low-cellularity cases
among patients with TIL+at baseline was higher in the
NP/C arm (p=.008), whereas the percentages among
patients with TIL— at baseline were about the same.
Evidently, after 3 weeks of therapy, the initial pool of
patients with favorable sTIL levels at baseline appears to
have been more strongly “depleted” (due to low cellular-
ity) in NP/C than in NP/G.

Associations of sTIL-0 and sTIL-3 with pCR

For analysis of the association of sTIL-0 and sTIL-3 meas-
urements with pCR, 311 and 223 patients were available,
respectively. In patients with pCR (n=110), mean sTIL-0
levels (36.0%) were more than 10% higher than in non-
PCR patients (n =201, mean =25.7%) (p <.001). Similarly,
STIL-3 levels were more than 13% higher in patients with
pCR (n=63, mean=47.9%) than in non-pCR patients
(n=160, mean=234.8%) (p=.002). There was no signifi-
cant association of changes in sTIL levels with pCR. The
dynamics of sTILs and their association with pCR are
illustrated in Additional file 2: Fig. S2 as a scatter plot of
3-week versus baseline measurements, marked by pCR
status.

The significant association between sTIL-0 and pCR
persisted when analyzed separately by treatment arm. In
NP/G, mean sTIL-0 values of 40.1% versus 28.1% were
observed among patients with (n=49) versus without
(n=124) pCR, respectively (p=.004). In NP/C, mean
sTIL values of 32.7% versus 21.5% were observed among
patients with (m=61) versus without (n=77) pCR,
respectively (p=.008).

Regarding 3-week levels (sTIL-3), the trial arms showed
rather different behavior: In NP/G, sTIL-3 levels were
more than 20% higher on average among patients with
pCR (n=29, mean=>58.7%) than among those without
PCR (2=102, mean 37.6%) (p<.001), whereas in NP/C,
the difference was not significant (p=.12); mean sTIL-3
among pCR patients (n=34) was 38.8% compared to
29.9% in non-pCR patients (n=>58).
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Among patients with pCR, the percentage of those
with 3wTIL+was 35.3% in NP/G versus 17.9% in NP/C
(p=.03). Among patients with non-pCR, the percentage
of those with 3wTIL+was 29.1% in NP/G versus 12.7% in
NP/C (p=.006).

ROC analysis was carried out in order to explore the
overall performance of both sTIL measurements as
predictors of pCR versus non-pCR (Additional file 3:
Fig. S3A/B). In particular, the AUC for sTIL-0 is 0.600
[0.531-0.668] (p=.004), while the AUC for sTIL-3 is
0.628 [0.545-0.712] (p=.003). For both measurements,
overall performance is thus significantly, but only moder-
ately better than random chance (AUC=0.5).

Analyzing separately by trial arm, we find that the per-
formance of sTIL-0 is comparable in NP/G (AUC=0.609
[0.509-0.710], p=.025) and NP/C (AUC=0.617 [0.521—
0.713], p=.018), respectively. However, the performance
of sTIL-3 in terms of AUC appears to be far greater in
the NP/G arm (AUC=0.711 [0.605-0.816], p =.001) than
in the NP/C arm (AUC =0.584 [0.460—0.709], p=.178),
where it is not even significantly higher than random
chance.

Figure 1A, B shows the variation of sensitivity, specific-
ity, and positive predictive value as a function of cut point
as well as the percentage of patients classified as “high”
(> cut point) for sTIL-0 and sTIL-3, respectively. Since a
considerable density of data is presented in these figures,
we highlight the key performance statistics for sTIL-0
(obtainable from the graph) at selected cut points pro-
posed in the literature. For the cutoff sTIL-0> 60% (lym-
phocyte -predominant breast cancer), 13.0% of patients
had sTIL-0 above the cutoff (solid curve). Among those
patients, the PPV (here, estimated conditional probability
of having a pCR, given sTIL-0>60%) was 59.3% (dotted
curve); the specificity was 88.1% (short-dashed curve);
however, the sensitivity was only 31.8% (wide-dashed
curve), reflecting the low percentage in the high group
defined by this cut point. For the cutoff sTIL-0>30%
used by Loi et al. [11], 44.0% are addressed (high group).
In this group, the PPV is 42.6%, ie., the majority of
patients with sTIL-0 above the cut point still did not have
pCR. The sensitivity was 52.7%, and the specificity was
61.2%. Finally, defining a cutoff as<15% would put 33.8%
in the “low” group. Here, it makes sense to discuss the
prediction of non-pCR: The predictive value (probabil-
ity of non-pCR, given sTIL-0<10) was 69.5%, while the
sensitivity was 36.3%, and the specificity was 70.9%. The
performance of sTIL-3 at these or other cut points can be
derived analogously from Fig. 1B.

For comparison with previous work, we note that the
odds ratio associated with each 10% increase in sTIL-0
was 1.19 [1.08-1.31] (p<.001); the odds ratio associated
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pCR prediction quality by baseline sTIL cut-point
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Fig. 1 Sensitivity (long-dashed curves), specificity (short-dashed curves), PPV (dotted curves) and % addressed (solid curve) as a function of cut
point in ROC analysis for A sTIL-0 and B sTIL-3 (lower panel). Vertical lines indicate particular cut points discussed in the text. The rightmost cut point

Table 3 Associations between pCR and both sTIL-0 and sTIL-3
(upper panel: pCR by baseline sTIL categories; lower panel: pCR

by 3-week categories)

Arm  sTIL-O0 category pCR% OR p n
NP/G 173
TIL— 220 1.00% 141
TIL+ 56.3 4.56 [2.04-10.20] <001 32
NP/C 138
TIL— 396 1.00% 111
TIL+ 63.0 2.59[1.09-6.17] 032 27
Trial 3N
TIL— 298 1.00* 252
TIL+ 593 344[1.92-6.18] <.001 59
NP/G 160
3wTlL— 14.5 1.00* 76
3wTlL+ 327 2.87[1.23-6.74] <001 55
3wlLC 517 6.33 [240-16.68] 032 29
NP/C 126
3wTIL— 314 1.00* 70
3wTlL+ 545 2.62[0.98-6.97] 054 22
3wlLC 64.7 4.00[1.68-9.51] 002 34
Trial 286
3wTlL— 226 1.00% 146
3wTIL+ 390 2.19[1.20-3.98] omn 77
3wlLC 587 4.87[2.58-9.19] <001 63

*Reference category

with each 10% increase in sTIL-3 (among those with

measurements) was 1.18 [1.06—1.31] (p =.002).

Discrete variables and pCR

For both sTIL-0 and sTIL-3, the defined categories were
strongly associated with pCR (Table 3, upper and lower

panel, respectively). The odds ratio for TIL+ versus
TIL— was 4.56 in NP/G and 2.59 in NP/C, but this appar-
ently differing impact by trial arm was not significant
(p=.35). The category 3wLC appears relatively favorable
for pCR even in comparison with 3wTIL+ (p=.07, Hos-
mer—Lemeshow test). As we will shortly see, this relative
favorability does not persist, however, with respect to
iDFS:

Association between sTIL-0 and sTIL-3 and IDFS
Median follow-up among surviving patients was
36 months. At this follow-up, the substantial advantage
of the NP/C arm regarding pCR (OR=2.11) was not
reflected in a significant iDFS advantage. However, as
previously reported [11], higher baseline sTIL levels were
favorably associated with iDFS in univariate Cox analysis.
Defining groups by dichotomized baseline sTILs:
in all patients, the lymphocyte-predominant group
(TIL+) had estimated 3y-iDFES of 86.0% (95%-CI [76.2%
to 95.8%]), while the group with TIL— had 3y-iDFS of
76.8% (95%-CI [71.1% to 82.4%]) (p=.11, Kaplan—Meier,
Fig. 2A). The corresponding iDFS curves in the subset of
patients with non-pCR (residual disease) and in those
with pCR are shown in Fig. 2B, C, respectively. Despite
the visual impression of superior iDFS for TIL+ overall
and in the non-pCR subset, the differences were not sig-
nificant (recalling that follow-up was 36 months).
Regarding sTIL-3 (Fig. 3A): Defining groups accord-
ing to the nominal composite variable coding described
above, one finds a significant advantage for 3wTIL+ ver-
sus 3wTIL— in all patients, with about 17% higher
3y-iDFS; the group coded 3wLC (low cellularity) had
iDFS between the other two groups). This advantage
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remains significant and similar in magnitude in the non-
PCR subset as well (Fig. 3B) but not in the pCR subset
(Fig. 3C).

The six combinatorically possible dynamic transitions
of baseline to 3-week sTIL categories were coded as
explained above in a nominal variable and analyzed for
iDFS. The curves 3y-iDFS statistics and significant pair-
wise comparisons are shown in Fig. 3D. The most favora-
ble combination was the transition TIL+ to 3wTIL+ with
estimated 3y-iDFS of 96.6%. The superiority compared to
the transition TIL— to 3wTIL— is unsurprising in view

of the immediately preceding iDFS comparisons. How-
ever—recalling that for pcR, the 3wLC category was
consistently more favorable than 3wTIL+ (Table 3)—for
iDFS, the transition TIL+to 3wTIL+was far superior
(25% higher 3y-iDFS) to the transition TIL+to 3wLC.
Despite low absolute numbers, this difference suggests
that the reliability of pCR following neoadjuvant therapy
as a surrogate for survival could vary among subgroups
in TNBC. There was no significant association of the
change in sTIL levels with iDFS.
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Mediation analysis

As explained above, mediation analysis according to
the methodology of Baron and Kenny has performed to
quantify the degree to which sTILs represent independ-
ent predictors of iDFS in this trial—beyond their influ-
ence through pCR. Mediation analysis can reveal the
relative importance of distinct biological mechanisms
for impact of immune response on survival under
NACT in TNBC.

The first step of mediation analysis, demonstration
of an impact of sTILs on pCR (favorable, e.g., OR 3.44
for TIL+versus TIL—, OR 2.19 for 3wTIL+ versus
3wTIL—), was presented above for both baseline and

3-week measurements (Table 3). The next step is to
show that pCR has a significant univariable impact on
iDFS (HR=0.27 [0.14-0.53] (p<.001)). Note however
that this association may or may not imply causation.
The remaining mediation analysis consists of univari-
ate Cox regression of each TIL variable on iDFS, fol-
lowed by multiple Cox regression including pCR (with
an interaction test); the results are summarized in
Additional file 4: Table S1 for baseline sTIL and 3-week
sTIL as continuous variables and in Additional file 4:
Table S2 for baseline sTIL and 3-week sTIL categories.
One then compares the adjusted HRs (including pCR)
of the sTIL markers (continuous as in Additional file 4:
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Table S1 or categorical as in Additional file 4: Table S2)
with their corresponding unadjusted HRs. Mediation
is suggested if the adjusted and unadjusted HRs differ
substantially.

We consider first the continuous models (Additional
file 4: Table S1): For both sTIL-0 (baseline) and sTIL-3,
there is no evidence for a substantial difference between
adjusted and unadjusted HR (noting that sTIL-0 is not
significant when pCR is included). We therefore find no
evidence for mediation in this continuous analysis.

The analysis of STIL categories (Additional file 4:
Table S2) is slightly more complicated but offers the
advantage that low cellularity is included: In the case
of sTIL-0 (baseline), we see that while the uHR of 0.56
would suggest a stronger impact on iDFS than the
adjusted HR of 0.77 for TIL+versus TIL—, the corre-
sponding HRs are not significant in either model, con-
sistent with the log-rank tests of Fig. 1A—C. Had the uHR
been significant, the difference would have suggested that
a favorable effect of high baseline sTILs was at least par-
tially mediated by pCR.

For the factor low cellularity at 3 weeks (3wLC), which
was a stronger predictor of pCR than 3wTIL+, neither
the unadjusted nor the adjusted HR was significant for
iDFS. Again, any impact of low cellularity on iDFS was
apparently either confounded with pCR or mediated by
pCR. It is worth noting that the HR for pCR remained
about the same in unadjusted analysis (see above) and
in all models including TIL measurements (Additional
file 4: Tables S1, S2).

What we see in the 3-week analysis for 3wTIL+ ver-
sus 3wTIL— is that the unadjusted hazard ratio esti-
mate uHR=0.42 was (only) slightly more favorable
than the adjusted estimate aHR=0.48, while both were
significant. The lack of a significant difference was veri-
fied by interaction analysis. Hence, the data suggest that
3wTIL+is a significant prognostic factor for iDFS, inde-
pendent of pCR, whose impact is at most only partially
mediated by pCR.

Discussion

Impacts of TILs on pCR and iDFS in the neoadjuvant TNBC
context

This paper presents (to our knowledge) the first retro-
spective dynamic sTIL analysis based on patient sam-
ples acquired both at baseline and at 3 weeks within a
prospective randomized clinical (de-escalated, 12-week)
NACT trial in early TNBC, i.e., the ADAPT TN trial.
In the present analysis, we have demonstrated favorable
impacts of higher sTIL levels (measured either at baseline
or at 3 weeks), not only on pCR, but also on invasive dis-
ease-free survival (iDFS). The favorable impact of higher
STIL levels (particularly when measured at 3 weeks) on
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survival was quantitatively independent of pCR, i.e., it
was not simply mediated by pCR.

The independent impact of sTILs provides important
clues to underlying tumor biological processes. Efficacy
in obliterating primary tumor cells (reflected in pCR)
does not necessarily imply efficacy for retarding subse-
quent proliferation and metastasis (reflected in iDFS),
particularly if metastatic cells have a more aggressive
clonality. For example, the clear advantage of NP/C over
NP/G regarding pCR was not seen regarding iDFS. More-
over, low cellularity at 3 weeks was a strong predictor of
pCR, but not for iDFS. In contrast, the above mediation
analysis suggests that favorable immune response (par-
ticularly as quantified by the 3-week sTIL measurement)
can influence key tumor biological processes such as
proliferation and metastasis for long-term survival. The
results imply that the reliability of pCR following neo-
adjuvant therapy as a surrogate for survival could vary
among subgroups in TNBC defined by immune response
or other factors.

While sTIL levels at the two measurement times were
rather strongly correlated (r=0.66), mean sTIL levels
increased under NACT by nearly 10% among paired
measurements. Response to NACT also included a sub-
stantial proportion of patients with “low cellularity” at
3 weeks, which almost certainly represents a favora-
ble biological feature, but precluded measurement
of sTILS. Baseline “lymphocyte-predominant” status
(STIL-0> 60%) was not predictive for low cellularity, sug-
gesting that the observed mean increase in sTIL levels
was not simply a selection effect. We did see evidence
that after 3 weeks of NACT, the initial pool of patients
with favorable sTIL levels at baseline was more strongly
“depleted” (due to low cellularity) in NP/C than in NP/G,
consistent with the fact that NP/C is also a more effica-
cious therapy regarding pCR.

ROC analysis showed that sTILS generally provide
moderate performance for predicting pCR throughout
the range of measurement at both time points, with the
3-week performance slightly better. While the predic-
tive performance of sTIL-0 was comparable in NP/G and
NP/C, the good performance of sTIL-3 was mostly attrib-
utable to data in the NP/G arm; performance was not sig-
nificantly better than random chance in the NP/C arm.
This observation is consistent with the aforementioned
evidence of “depletion” of patients with favorable sTILs in
NP/C but less so in NP/G.

Although much of the analysis here utilized the con-
sensus [18] “lymphocyte-predominant” cut point defined
by sTILS>60%, the evidence from our trial provided
by ROC analysis does not strongly favor a particular
sTIL cut point (at either measurement time) to answer
all questions regarding prediction of pCR or iDFS. Use
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of continuous values has considerable merit, particu-
larly regarding baseline measurements. Each of the cut
points analyzed in detail here (15%, 30%, 60%) could
offer advantages or disadvantages depending on clinical
context. For example, lymphocyte-predominant status
at baseline had high positive predictive value for pCR
prediction but captured only 13% of patients, thus with
low sensitivity. The 30% cutoff used by Loi et al. [11] does
select more patients (44%), but only a minority actually
had pCR. On the other hand, the 15% sTIL-0 cut point
(STIL <10% in our data) could be quite useful if the goal
is to select patients with a high probability of non-pCR;
it selected about 1/3 of patients, with almost 70% posi-
tive predictive value for non-pCR. We suggest that future
trials or guidelines could benefit from an application-
oriented approach based on ROC analysis rather than ad
hoc specification of one universal sTIL cut point.

To our knowledge, ours is the first analysis of 3-week
sTIL measurements during neoadjuvant therapy among
patients with TNBC. However, Bai et al. analyzed the
prognostic value of sTILs among tumor samples taken
from TNBC patients with residual disease after neoad-
juvant chemotherapy. The authors observed significantly
better outcomes among patients with high CD4-TILs
(DFES and OS) and high CD8-TILs as well as low CD20-
TILs and suggested that TILs (or their subtypes) in
residual disease might be used as a potential predictive
biomarker of survival in TNBC patients after neoadju-
vant chemotherapy [19].

In a pooled analysis of 2148 patients with TNBC from
nine studies (all treated by different polychemotherapy
regimens of 18—24 weeks of duration), Loi et al. demon-
strated that increased presence of sTILs was significantly
and independently associated with improvement in sev-
eral prognostic end points including overall survival. In
fact, each 10% increment in sTILs was shown to corre-
spond to a hazard ratio of 0.87 (95% CI 0.83 to 0.91) for
iDFS, 0.83 (95% CI 0.79 to 0.88) for DDES, and 0.84 (95%
CI0.79 to 0.89) for OS [11]. Similarly, presence of sTILs
has been associated with improved prognosis in presence
of adjuvant chemotherapy in patients with TNBC in 2009
node-positive BC samples from the BIG 02-98 adjuvant
phase III trial [20]. These results are well in line with our
findings.

In a pooled analysis of five phase II studies that
included patients (n=161) with TNBC treated with
neoadjuvant platinum-based chemotherapy, Telli et al.
reported that stromal TIL density was associated with
RCB 0/1 status, though it was not significant in multi-
variable analysis when homologous recombination defi-
ciency status was included [21]. The results are consistent
with our finding that higher sTIL-0 values are favorably
associated with pCR in the ADAPT TN trial.
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Besides an increasing body of scientific evidence
regarding the prognostic and predictive value of baseline
sTIL values in breast cancer, there are yet limited data
regarding the association between dynamic sTIL meas-
urements during neoadjuvant chemotherapy and either
pCR or IDFS. Skriver et al. analyzed repeated meas-
urements of sTILs among 106 patients with ER posi-
tive, HER2 negative, operable breast cancer concerning
response to neoadjuvant letrozole therapy. They observed
an increase in mean sTIL concentration of about 7%
during treatment as well as an association between an
increase in sTILs and lower probability of pathological
response. In fact, the authors suggested that this might
provide a rationale for introducing immunotherapy to
patients with limited response to endocrine therapy [22].
In our TNBC trial, there was no evidence for association
of sTIL increases with pCR or iDFS. However, the situ-
ations in different breast cancer subtypes with differing
therapies are hardly comparable, not to mention that
only one patient had pCR. In a similar analysis among
104 cases of patients with TNBC, changes in sTILs were
reported to be associated with improved disease-free
survival (DFS) compared to unchanged levels [23]

Limitations and lessons learned

There are some limitations and lessons learned: Aside
from the limited follow-up of three years, the main
complications in the current analysis relate to sTIL
measurements at week three: The sTIL-3 level was not
quantifiable in a significant proportion of patients, often
due to low cellularity. Recognizing that low-cellular-
ity status represents a biological feature of response to
therapy (characterized by tumor necrosis resulting from
extensive response to neoadjuvant therapy), we included
this feature as a separately coded category and found that
it is indeed informative at least for pCR, though not for
iDFS. The possibility of limited tissue due to extensive
NACT response should be taken into account explicitly
in designing future trials looking at early response assess-
ment in any breast cancer subtype (lessons learned). Fur-
thermore, upon interpretation of our results one has to
consider that neither chemotherapy duration of 12 weeks
nor anthracycline-free chemotherapy are yet considered
standard in patients with TNBC, who are still consid-
ered to have high-risk disease. Finally, it has repeatedly
been reported that lack of adequate standardization
and training render visual sTILs assessment subject to
inter- and intraobserver variability [16, 24, 25]. We per-
formed our analyses according to the “TIL Working
Group,” which has aimed to standardize sTIL assessment
in tumors including breast cancer [26] with the goal of
facilitating reproducibility and clinical adoption. In fact,
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independent observer concordance rates were excellent,
particularly at a cutoff of 30%. Nevertheless, modern ana-
lytical methods such as computational sTIL assessment
might further improve TIL analyses in the future [27, 28].

In general, triple-negative disease is characterized by
an unfavorable prognosis [29]; however, prognosis is
more favorable among patients with excellent response
to neoadjuvant chemotherapy [3, 4]. For patients likely to
have pCR, de-escalation of (neoadjuvant) chemotherapy
to alleviate treatment toxicity has become an option [8].
In a previous analysis of ADAPT-TN, we demonstrated
that proliferation biomarkers such as PAMS50 prolifera-
tion, ROR scores (all p<.004), and higher Ki-67 (IHC;
p<.001) were positively associated with pCR. In the nab-
paclitaxel/carboplatin study arm, expression of immu-
nological (CD8, PD1, and PDL1) genes and proliferation
markers (proliferation and ROR scores, MKI67, CDC20,
NUF2, KIF2C, CENPF, EMP3, and TYMS) were posi-
tively associated with pCR (p<.05 for all). To the extent
that associations of markers with pCR translate into
associations with survival, these markers as well as sTILs
studied here could be used to more accurately charac-
terize risk groups and ultimately to construct selection
criteria to define candidates for chemotherapy de-esca-
lation in the future [30]. However, simplistic criteria
based solely on pCR could be misleading: In the current
trial, high immune response at 3 weeks was favorable
for pCR and independently for iDFS; pCR is a marker
for iDES but not necessarily a mediator, suggesting that
immune response may support eradication of both pri-
mary and metastatic clones. On the other hand, even
though neoadjuvant NP/C was more effective than NP/G
at destroying primary tumor (evidenced by higher rates
of low cellularity and pCR), we did not see evidence that
this superiority will translate into a long-term survival
advantage.

Conclusion

The current analysis provides strong evidence that
immune processes marked by higher sTIL measurements
(either at baseline or after 3 weeks) are associated not
only with favorable response to neoadjuvant chemother-
apy, but also with favorable survival. In line with recently
published results on excellent survival in young TNBC
patients with high TILs [31] and no systemic treatment,
our analysis strongly motivates investigation of tailored
(deescalated) treatment concepts in early-TNBC patients
with favorable biomarker profile (including sTILs) in
future prospective trials, with the aim of optimal indi-
vidualized care for every patient. The “added value” of
sT1ILs for iDFS (i.e., their independent prognostic impact
beyond pCR) could favor de-escalation trial designs
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including iDFS as a primary or at least co-primary end-
point in TNBC.

Abbreviations

AUC: Area under the ROC curve; CD8: Cluster of differentiation 8; CD20: Cluster
of differentiation 20; CENPF: Centromere protein F; Cl: Confidence interval;

cN: Clinical nodal status; cT: Clinical tumor status; DDFS: Distant disease-free
survival; DFS: Disease-free survival; EMP3: Epithelial membrane protein 3; ER:
Estrogen receptor; HER2: Human epithelial receptor 2; HR: Hazard ratio; IDFS:
Invasive disease-free survival; KIF2c: Kinesin-like protein 2C; NP/C: Nab-pacli-
taxel/carboplatin chemotherapy; NP/G: Nab-paclitaxel/gemcitabine; NUF2:
Kintochore protein Nuf 2; OS: Overall survival; pCR: Pathological complete
response; PD1: Programmed death receptor 1; PDL1T: Programmed death
receptor ligand 1; PR: Progesterone receptor; RD: Residual disease; ROR: Risk of
recurrence; SD: Standard deviation; sTIL-0: Stromal tumor-infiltrating lympho-
cytes at baseline; sTIL-3: Stromal tumor-infiltrating lymphocytes at 3 weeks;
sTILs: Stromal tumor-infiltrating lymphocytes; TNBC: Triple-negative breast
cancer; TYMS: Thymidylate synthase; Yrs: Years.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513058-022-01552-w.

Additional file 1. Figure S1. Consort diagram.

Additional file 2. Figure S2. Distribution of semi quantitative measure-
ments of A sTIL-0 and B sTIL-3 (n=336).

Additional file 3. Figure S3. ROC curves and AUC in all patients regard-
ing. A sTIL-0 and B sTIL-3

Additional file 4. Table S1. Mediation analysis for raw sTIL-0 and sTIL-3
measurements as continuous variables. Table S2. Mediation analysis for
categorized sTIL-0 and sTIL-3 measurements.

Acknowledgements
None.

Author contributions

CKL designed this analysis, coordinated exchange of biomaterial and TIL
analysis and as well as data analysis, interpreted the data, drafted, and finalized
the manuscript. FF, MG, HK, and MC conducted the TIL analyses and helped
drafting the manuscript. RK conducted the statistical analysis, assisted sub-
stantially in data interpretation, and drafted and finalized the manuscript. EG,
HF, MB, MW, JH, CU, BA, CS, SK, and RW provided samples and helped interpret
the data. MG interpreted the data, provided samples, and helped in finalizing
the manuscript. UN, OG, and NH designed and coordinated the underlining
clinical trial. OG also designed this analysis and interpreted the data as well as
finalized the manuscript. All authors read, reviewed, and approved the final
manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval was obtained by the Ethics Committee of the University of
Cologne (reference number 11-283).

Consent for publication
Not applicable.


https://doi.org/10.1186/s13058-022-01552-w
https://doi.org/10.1186/s13058-022-01552-w

Kolberg-Liedtke et al. Breast Cancer Research (2022) 24:58

Competing interests

CKL reports stock by Theraklion and Phaon Scientific (self and family), hono-
raria by Roche, AstraZeneca, Celgene, Novartis, Pfizer, Lilly, Hexal, Amgen,
SonoScape (self) and Genomic Health, Amgen, AstraZeneca, Riemser, Carl
Zeiss MediTec, TEVA Pharmaceuticals Industries, Theraklion, Janssen-Cilag,
GlaxoSmithKline, LIV Pharma (family), Consulting to Roche, Novartis, Pfizer,
Celgene, Phaon Scientific (self) and Pfizer, Novartis, SurgVision, CarlZeissMed-
itec, Amgen, Onkowissen (family); research funding by Roche, Novartis, Pfizer
(self) as well as Travel and Accomodation by Roche, Daiichi Sankyo, Novartis
(self) and Carl Zeiss Meditec, LIV Pharma, Novartis, Amgen, Pfizer, Daiichi San-
kyo (family). FF reports research funding by IOMX Therapeutics AG (Research
Collaboration). MG none. MC none. RK reports honoraria by Amgen, Celgene,
Genomic Health, NanoString Technologies, Novartis pharma, Pfizer Pharma-
ceuticals and Roche (family); consulting/advisory role by Agendia, AstraZen-
eca, Celgene, Daiichi Sankyo, Lilly, Merck Sharp & Dohme, Novartis pharma,
Odonate Therapeutics, Pfizer Pharmaceuticals, Roche/Genentech, Sandoz
(family); Research funding by the West German Study Group (self) and Genen-
tech, Novartis, Boehringer Ingelheim and Pfizer (self). EG none. HF none. MB
reports honoraria by AstraZeneca, Exact Sciences, Novartis, Pfizer, Roche, Teva;
Consulting/Advisory Role by AstraZeneca, Exact Sciences, Novartis, Puma,
Roche and Travel/Accomodation by AstraZeneca, Celgene, Medac, Novartis,
Roche. MW none. JH none. CU reports Consulting/Advisory Role by Tesaro,
Novartis, Roche, Research Funding by West German Study Group, German
Breast Group, Novartis, AstraZeneca, Tesaro, Palleos Healthcare Services Gmbh,
Pierre Fabre, AGO-Studiengrouppe; Travel/Accomodation by German Breast
Group, West German Study Group, AGO-Studiengruppe; Speakers'Bureau

by Pfizer, Novartis, Roche, PharmaMar, AstraZeneca. BA reports Consulting/
Advisory Role by Pfizer, Roche Pharma, Merck Sharp & Dohme, onkowissen.de,
Novartis Pharma, AstraZeneca, PharmaMar, Lilly, promedicis; Travel /Accomo-
dation by astraZeneca, Roche, Novartis, Pfizer. CS none. SK reports Consulting/
Advisory Role by Roche, Genomic Health, Novartis, AstraZeneca, Amgen,
Celgene, SOMATEX Medical Technologies, Daiichi Sankyo, PFM medical, Pfizer,
MSD, Puma Biotechnology; Travel/accommodation by Roche, Daiichi Sankyo;
other relationship as Co-Director West German Study Group. RW report
Served as advisor, consultant, speaker and travel grants by Agendia, Amgen,
Aristo, Astra Zeneca, Boeringer Ingelheim, Carl Zeiss, Celgene, Clinsol, Daiichi
Sankyo, Eisai, Exact Sciences, Genomic Health, Gilead, Glaxo Smith Kline, Hexal,
Lilly, Medstrom Medical, MSD, Mundipharma, Nanostring, Novartis, Odonate,
Paxman, Palleos, Pfizer, Pierre Fabre, PumaBiotechnolgogy, Riemser, Roche,
Sandoz/Hexal, Seattle Genetics /Seagen, Tesaro Bio, Teva, Veracyte, Viatris. MG
none. UN reports honoraria by Agendia, Amgen, Celgene, Genomic Health,
NanoString Technologies, Novartis pharma, Pfizer Pharmaceuticals, Roche/
Genentech, Teva; Consulting/Advisory Role by Genomic Health, Roche;
Research Funding by Agendia, Amgen, Celgene, Genomic Health, NanoString
Technologies, Roche, Sanofi; Expert Testimony by Genomic Health; Travel/
Accommodation by Genomic Health, Pfizer Pharmaceuticals, Roche; other
relationship as Co-Director West German Study Group. HK none. OG reports
honoraria by Genomic Health/Exact Sciences, Roche, Celgene, Pfizer, Novartis,
NanoString Technologies, AstraZeneca; Consulting/Advisory Rola by Celgene,
Genomic Health/Exact Sciences, Lilly, MSD, Novartis, Pfizer, Roche; Travel/
Accomodation by Roche; other relationship as Co-Director West German
Study Group. NH reports honoraria by Amgen, AstraZeneca, Genomic Health,
Novartis, Pfizer, Pierre Fabre, Roche, Zodiac Pharma; Consulting/Advisory Role
by Agendia, AstraZeneca, Celgene, Daiichi Sankyo, Lilly, Merck Sharp & Dohme,
Novartis, Odonate Therapeutics, Pfizer, Pierre Fabre, Roche/Genentech, San-
doz, Seattle Genetics, West German Study Group (family); Research Funding by
Lilly, Merck Sharp & Dohme, Novartis, Pfizer, Roche/Genentech; other relation-
ship as Co-Director West German Study Group.

Author details

"Department of Gynecology and Obstetrics, University Hospital Essen,
Hufelandstrasse 55, 45147 Essen, Germany. %Institute of Pathology, Medi-

cal School Hannover, Hannover, Germany. 3University Hospital Luebeck,
Lubeck, Germany. *West German Study Group, Ménchengladbach, Germany.
*Women’s Clinic, University Clinics Tuebingen, Tibingen, Germany. ®Practice
Network Troisdorf, Troisdorf, Germany. Breast Center, Rotkreuz Clinics Munich,
Munich, Germany. ®Breast Center, City Hospital Holweide, Cologne, Germany.
“Breast Center, Marien-Hospital, Witten, Germany. '°Practice of Gynecology
and Oncology, Hildesheim, Germany. ' Department of Gynecology, University
Hospital Leipzig, Leipzig, Germany. '?Breast Center, St. Elisabeth Hospital,
Cologne, Germany. *Breast Unit, Kliniken Essen-Mitte, Essen, Germany.

Page 12 of 13

“Department of Gynecology with Breast Center, Charité — Universitatsmedizin
Berlin, Berlin, Germany. *Breast Center, LMU University Hospital, Munich, Ger-
many. '®University Hospital Hamburg-Eppendorf, Hamburg, Germany. '/ Breast
Center Niederrhein, Ev. Hospital Bethesda, Monchengladbach, Germany.

Received: 22 December 2021 Accepted: 25 July 2022
Published online: 02 September 2022

References

1. Gluz O, Liedtke C, Gottschalk N, et al. Triple-negative breast cancer—cur-
rent status and future directions. Ann Oncol. 2009;20:1913-27.

2. Liedtke C, Hess KR, Karn T, et al. The prognostic impact of age in
patients with triple-negative breast cancer. Breast Cancer Res Treat.
2013;138(2):591-9. https://doi.org/10.1007/510549-013-2461-x.

3. Carey LA, Dees EC, Sawyer L, et al. The triple negative paradox: primary
tumor chemosensitivity of breast cancer subtypes. Clin Cancer Res.
2007;13(8):2329-34. https://doi.org/10.1158/1078-0432.CCR-06-1109.

4. Liedtke C, Mazouni C, Hess KR, et al. Response to neoadjuvant therapy
and long-term survival in patients with triple-negative breast cancer. J
Clin Oncol. 2008;26(8):1275-81. https://doi.org/10.1200/JCO.2007.14.
4147.

5. Cortazar P, Zhang L, Untch M, et al. Pathological complete response and
long-term clinical benefit in breast cancer: the CTNeoBC pooled analysis.
Lancet. 2014;384(9938):164-72. https://doi.org/10.1016/50140-6736(13)
62422-8.

6. Funt SA, Chapman PB. The role of neoadjuvant trials in drug develop-
ment for solid tumors. Clin Cancer Res. 2016;22(10):2323-8. https://doi.
org/10.1158/1078-0432.CCR-15-1961.

7. Arnedos M, Roulleaux Dugage M, Perez-Garcia J, Cortes J. Window of
opportunity trials for biomarker discovery in breast cancer. Curr Opin
Oncol. 2019;31(6):486-92. https://doi.org/10.1097/CCO.0000000000
000583.

8. Gluz O, Nitz U, Liedtke C, Christgen M, Grischke EM, Forstbauer H,

Braun M, Warm M, Hackmann J, Uleer C, Aktas B, Schumacher C,
Bangemann N, Lindner C, Kuemmel S, Clemens M, Potenberg J, Staib

P Kohls A, von Schumann R, Kates R, Kates R, Schumacher J, Wuer-

stlein R, Kreipe HH, Harbeck N. Comparison of neoadjuvant nab-
paclitaxel+carboplatin vs nab-paclitaxel+gemcitabine in triple-negative
breast cancer: randomized WSG-ADAPT-TN trial results. J Natl Cancer Inst.
2018;110(6):628-37.

9. Savas P, Salgado R, Denkert C, Sotiriou C, Darcy PK, Smyth MJ, et al. Clini-
cal relevance of host immunity in breast cancer: From TILs to the clinic.
Nat Rev Clin Oncol. 2016;13:228-41.

10. Denkert C, Loibl S, Noske A, Roller M, Muller BM, Komor M, Budczies
J, Darb-Esfahani S, Kronenwett R, Hanusch C, von Térne C, Weichert
W, Engels K, Solbach C, Schrader |, Dietel M, von Minckwitz G. Tumor-
associated lymphocytes as an independent predictor of response to neo-
adjuvant chemotherapy in breast cancer. J Clin Oncol. 2010;28(1):105-13.
https://doi.org/10.1200/JC0.2009.23.7370. Epub 2009 Nov 16. Erratum in:
JClin Oncol. 2010;28(4):708.

11. LoiS, Drubay D, Adams S, et al. Tumor-infiltrating lymphocytes and prog-
nosis: a pooled individual patient analysis of early-stage triple-negative
breast cancers. J Clin Oncol. 2019;37(7):559-69. https://doi.org/10.1200/
JCO.18.01010.

12. Kolberg-Liedtke C, Gluz O, Heinisch F, et al. Association of TILs with clinical
parameters, Recurrence Score® results, and prognosis in patients with
early HER2-negative breast cancer (BC)—a translational analysis of the
prospective WSG PlanB trial. Breast Cancer Res. 2020;22(1):47.

13. Luen SJ, Salgado R, Dieci MV, Vingiani A, Curigliano G, Gould RE, Cas-
taneda C, D'Alfonso T, Sanchez J, Cheng E, Andreopoulou E, Castillo M,
Adams S, Demaria S, Symmans WF, Michiels S, Loi S. Prognostic implica-
tions of residual disease tumor-infiltrating lymphocytes and residual
cancer burden in triple-negative breast cancer patients after neoadjuvant
chemotherapy. Ann Oncol. 2019;30(2):236-42. https://doi.org/10.1093/
annonc/mdy547.

14. Nuciforo P, Pascual T, Cortés J, et al. A predictive model of pathologic
response based on tumor cellularity and tumor-infiltrating lymphocytes
(CelTIL) in HER2-positive breast cancer treated with chemo-free dual


https://doi.org/10.1007/s10549-013-2461-x
https://doi.org/10.1158/1078-0432.CCR-06-1109
https://doi.org/10.1200/JCO.2007.14.4147
https://doi.org/10.1200/JCO.2007.14.4147
https://doi.org/10.1016/S0140-6736(13)62422-8
https://doi.org/10.1016/S0140-6736(13)62422-8
https://doi.org/10.1158/1078-0432.CCR-15-1961
https://doi.org/10.1158/1078-0432.CCR-15-1961
https://doi.org/10.1097/CCO.0000000000000583
https://doi.org/10.1097/CCO.0000000000000583
https://doi.org/10.1200/JCO.2009.23.7370
https://doi.org/10.1200/JCO.18.01010
https://doi.org/10.1200/JCO.18.01010
https://doi.org/10.1093/annonc/mdy547
https://doi.org/10.1093/annonc/mdy547

Kolberg-Liedtke et al. Breast Cancer Research

20.

21

22.

23.

24.

25.

26.

27.

28.

(2022) 24:58

HER2 blockade. Ann Oncol. 2018;29(1):170-7. https://doi.org/10.1093/
annonc/mdx647.

Mazouni C, Peintinger F, Wan-Kau S, et al. Residual ductal carcinoma

in situ in patients with complete eradication of invasive breast cancer
after neoadjuvant chemotherapy does not adversely affect patient
outcome. J Clin Oncol. 2007;25(19):2650-5. https://doi.org/10.1200/JCO.
2006.08.2271.

Brambilla E, et al. Prognostic effect of tumor lymphocytic infiltration in
resectable non-small-cell lung cancer. J Clin Oncol. 2016;34:1223-30.
Baron RM, Kenny DA. The moderator-mediator variable distinction in
social psychological research—conceptual, strategic, and statistical
considerations. J Pers Soc Psychol. 1986;51(6):1173-82.

Denkert C, Von Minckwitz G, Darb Esfahani S, Lederer B, Heppner BI,
Weber KE, et al. Tumour-infiltrating lymphocytes and prognosis in differ-
ent subtypes of breast cancer: a pooled analysis of 3771 patients treated
with neoadjuvant therapy. Lancet Oncol. 2018;19:40-50.

Bai Y-G, Gao G-X, Zhang H, Zhang S, Liu Y-H, Duan X-N, Ling Xu. Prognos-
tic value of tumor-infiltrating lymphocyte subtypes in residual tumors of
patients with triple-negative breast cancer after neoadjuvant chemo-
therapy. Chin Med J (Engl). 2020;133(5):552-60.

Loi S, Sirtaine N, Piette F, et al. Prognostic and predictive value of tumor-
infiltrating lymphocytes in a phase Ill randomized adjuvant breast cancer
trial in node-positive breast cancer comparing the addition of docetaxel
to doxorubicin with doxorubicin-based chemotherapy: BIG 02-98. J Clin
Oncol. 2013;31(7):860-7.

Telli ML, Chu C, Badve SS, et al. Association of tumor-infiltrating lympho-
cytes with homologous recombination deficiency and BRCA1/2 status in
patients with early triple-negative breast cancer: A pooled analysis. Clin
Cancer Res. 2020;26(11):2704-10. https://doi.org/10.1158/1078-0432.
CCR-19-0664.

Skriver SK, Jensen MB, Knoop AS, Ejlertsen B, Laenkholm AV. Tumour-infil-
trating lymphocytes and response to neoadjuvant letrozole in patients
with early oestrogen receptor-positive breast cancer: analysis from a
nationwide phase Il DBCG trial. Breast Cancer Res. 2020;22(1):46. https://
doi.org/10.1186/513058-020-01285-8.

Lee H, Lee M, Seo J-H, Gong G, Lee HJ. Changes in tumor-infiltrating
lymphocytes after neoadjuvant chemotherapy and clinical significance in
triple negative breast cancer. Anticancer Res. 2020;40(4):1883-90. https://
doi.org/10.21873/anticanres.14142.

Denkert C, et al. Standardized evaluation of tumor-infiltrating lym-
phocytes in breast cancer: results of the ring studies of the interna-
tional immuno-oncology biomarker working group. Mod Pathol.
2016;29:1155-64.

Wein L, et al. Clinical validity and utility of tumor-infiltrating lymphocytes
in routine clinical practice for breast cancer patients: current and future
directions. Front Oncol. 2017;7:156.

Dieci MV, Radosevic-Robin N, Fineberg S, van den Eynden G, Ternes

N, Penault-Llorca F, Pruneri G, D'Alfonso TM, Demaria S, Castaneda C,
Sanchez J, Badve S, Michiels S, Bossuyt V, Rojo F, Singh B, Nielsen T, Viale
G, Kim SR, Hewitt S, Wienert S, Loibl S, Rimm D, Symmans F, Denkert C,
Adams S, Loi S, Salgado R; International Immuno-Oncology Biomarker
Working Group on Breast Cancer. Update on tumor-infiltrating lympho-
cytes (TILs) in breast cancer, including recommendations to assess TILs
in residual disease after neoadjuvant therapy and in carcinoma in situ: A
report of the International Immuno-Oncology Biomarker Working Group
on Breast Cancer. Semin Cancer Biol. 2018;52(Pt 2):16-25. https://doi.org/
10.1016/j.semcancer.2017.10.003.

Amgad M, Stovgaard ES, Balslev E, et al. Report on computational assess-
ment of Tumor Infiltrating Lymphocytes from the International Immuno-
Oncology Biomarker Working Group. NPJ Breast Cancer. 2020,6:16.

Kos Z, Roblin E, Kim RS, Michiels S, Gallas BD, Chen W, van de Vijver KK,
Goel S, Adams S, Demaria S, Viale G, Nielsen TO, Badve SS, Symmans WF,
Sotiriou C, Rimm DL, Hewitt S, Denkert C, Loibl S, Luen SJ, Bartlett JMS,
Savas P, Pruneri G, Dillon DA, Cheang MCU, Tutt A, Hall JA, Kok M, Horlings
HM, Madabhushi A, van der Laak J, Ciompi F, Laenkholm AV, Bellolio E,
Gruosso T, Fox SB, Araya JC, Floris G, Hudecek J, Voorwerk L, Beck AH,
Kerner J, Larsimont D, Declercq S, Van den Eynden G, Pusztai L, Ehinger
A, Yang W, AbdulJabbar K, Yuan Y, Singh R, Hiley C, Bakir MA, Lazar AJ,
Naber S, Wienert S, Castillo M, Curigliano G, Dieci MV, André F, Swanton
C, Reis-Filho J, Sparano J, Balslev E, Chen IC, Stovgaard EIS, Pogue-Geile K,
Blenman KRM, Penault-Llorca F, Schnitt S, Lakhani SR, Vincent-Salomon

Page 13 of 13

A, Rojo F, Braybrooke JP, Hanna MG, Soler-Monsé MT, Bethmann D,
Castaneda CA, Willard-Gallo K, Sharma A, Lien HC, Fineberg S, Thagaard J,
Comerma L, Gonzalez-Ericsson P, Brogi E, Loi S, Saltz J, Klaushen F, Cooper
L, Amgad M, Moore DA, Salgado R, International Immuno-Oncology
Biomarker Working Group. Pitfalls in assessing stromal tumor infiltrating
lymphocytes (sTILs) in breast cancer. NPJ Breast Cancer. 2020,6:17. https://
doi.org/10.1038/541523-020-0156-0.

29. Foulkes WD, Smith IE, Reis-Filho JS. Triple-negative breast cancer. N Engl J
Med. 2010;363(20):1938-48. https://doi.org/10.1056/NEJMra1001389.

30. Gluz O, Kolberg-Liedtke C, Prat A, Christgen M, Gebauer D, Kates R, Paré L,
Grischke EM, Forstbauer H, Braun M, Warm M, Hackmann J, Uleer C, Aktas
B, Schumacher C, Kuemmel S, Wuerstlein R, Pelz E, Nitz U, Kreipe HH,
Harbeck N. Efficacy of deescalated chemotherapy according to PAM50
subtypes, immune and proliferation genes in triple-negative early breast
cancer: primary translational analysis of the WSG-ADAPT-TN trial. Int J
Cancer. 2020;146(1):262-71.

31. De Jong VMT, Wang Y, Opdam M, ter Hoeve N, J6Zwiak K, Hauptmann
M, et al. Prognostic value of tumour infiltrating lymphocytes in young
triple negative breast cancer patients who did not receive adjuvant
systemic treatment; by the PARADIGM study group. Ann Oncol.
2020;31(suppl_4):5303-39.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1093/annonc/mdx647
https://doi.org/10.1093/annonc/mdx647
https://doi.org/10.1200/JCO.2006.08.2271
https://doi.org/10.1200/JCO.2006.08.2271
https://doi.org/10.1158/1078-0432.CCR-19-0664
https://doi.org/10.1158/1078-0432.CCR-19-0664
https://doi.org/10.1186/s13058-020-01285-8
https://doi.org/10.1186/s13058-020-01285-8
https://doi.org/10.21873/anticanres.14142
https://doi.org/10.21873/anticanres.14142
https://doi.org/10.1016/j.semcancer.2017.10.003
https://doi.org/10.1016/j.semcancer.2017.10.003
https://doi.org/10.1038/s41523-020-0156-0
https://doi.org/10.1038/s41523-020-0156-0
https://doi.org/10.1056/NEJMra1001389

	Impact of stromal tumor-infiltrating lymphocytes (sTILs) on response to neoadjuvant chemotherapy in triple-negative early breast cancer in the WSG-ADAPT TN trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Design of WSG-ADAPT TN
	sTIL analysis
	Statistical analysis

	Results
	Association of baseline sTILs with clinicalpathological parameters
	Discrete coding of baseline and 3-weeek sTILs
	Dynamics of sTILs under NACT​
	Associations of sTIL-0 and sTIL-3 with pCR
	Discrete variables and pCR
	Association between sTIL-0 and sTIL-3 and IDFS
	Mediation analysis

	Discussion
	Impacts of TILs on pCR and iDFS in the neoadjuvant TNBC context
	Limitations and lessons learned

	Conclusion
	Acknowledgements
	References


